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(57) ABSTRACT 
According to one embodiment of the invention, a method for 
manufacturing a ball grid array package includes providing 
a flip chip, coupling the flip chip to a first Side of a Substrate, 
encapsulating the flip chip with a molding, attaching a 
plurality of Solder balls to a Second Side of the Substrate, and 
cutting the Substrate to produce the ball grid array package. 
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METHOD AND SYSTEM FOR MANUFACTURING 
BALL GRID ARRAY ("BGA") PACKAGES 

TECHNICAL FIELD OF THE INVENTION 

0001. This invention relates generally to the field of 
integrated circuits and, more Specifically, to a method and 
System for manufacturing ball grid array packages. 

BACKGROUND OF THE INVENTION 

0002 There are many different types of integrated circuit 
packages and many different techniques for manufacturing 
integrated circuit packages. For example, one type of inte 
grated circuit package is a ball grid array package manu 
factured using a “flipped-chip” technique. A “flipped-chip' 
technique is where an integrated circuit die has Solder bumps 
attached to one side of the die and then the die is “flipped 
over” and attached to a printed circuit board or other 
substrate having solder pads. The dies with the solder bumps 
are Sometimes referred to as “flip chips.” Ball grid array 
packages made with flip chips are referred to as flipped-chip 
ball grid arrays (“FCBGAs”), and are desirable because, 
among other attributes, they Save valuable printed circuit 
board space. Because of the desirable attributes of FC 
BGAS, integrated circuit package manufacturers desire to 
find reliable and cost-effective ways to manufacture FC 
BGAS. 

0003. One method of manufacturing FC-BGAS includes 
forming flip chips, individually attaching the flip chips to a 
Substrate, hermetically (or non-hermetically) sealing the flip 
chips by attaching an enclosure lid to the Substrate that 
encloses the flip chip, and attaching Solder bumps to the 
other side of the Substrate. Because of the use of enclosure 
lids and because dies are handled individually, considerable 
time and money is wasted. 

SUMMARY OF THE INVENTION 

0004. Because of the ever-increasing use of integrated 
circuits, manufacturers are continually Searching for better 
and more economical ways of manufacturing ball grid array 
packages. Therefore, a need has arisen for a new method and 
System for manufacturing ball grid array packages. 

0005. In accordance with the present invention, a method 
and System for manufacturing ball grid array packages is 
provided that addresses disadvantages and problems asso 
ciated with previously developed methods and Systems. 

0006 According to one embodiment of the invention, a 
method for manufacturing a ball grid array package includes 
providing a flip chip, coupling the flip chip to a first Side of 
a Substrate, encapsulating the flip chip with a molding, 
attaching a plurality of Solder balls to a Second Side of the 
Substrate, and cutting the Substrate to produce the ball grid 
array package. 

0007 According to another embodiment of the invention, 
a System for manufacturing a plurality of ball grid array 
packages includes a Substrate having a first Side and a Second 
Side, a plurality of flip chips coupled to the first Side of the 
Substrate, a molding encapsulating the flip chips, a plurality 
of solder balls coupled to the second side of the Substrate, 
and a cutting machine operable to Singulate the ball grid 
array packages by cutting the Substrate. 
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0008 Embodiments of the invention provide numerous 
technical advantages. For example, a technical advantage of 
one embodiment of the present invention is that enclosure 
lids for flip chips are eliminated, thereby Saving time and 
expense. In addition, the use of a molding in place of an 
enclosure lid enhances reliability by increasing the thermal 
cycle lifetime of a BGA package. Another technical advan 
tage of one embodiment of the present invention is that 
multiple BGAS can be formed Simultaneously by utilizing a 
transfer molding process to encapsulate multiple flip chips 
with a molding. Combining this molding process with an 
ability to Singulate all of the BGA packages with only two 
passes of a plurality of cutting blades results in considerable 
time and money Savings. 

0009. Other technical advantages are readily apparent to 
one skilled in the art from the following figures, descrip 
tions, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 For a more complete understanding of the inven 
tion, and for further features and advantages, reference is 
now made to the following description, taken in conjunction 
with the accompanying drawings, in which: 

0011 FIG. 1 is a half-sectional perspective view of one 
embodiment of a ball grid array package manufactured 
according to the teachings of the present invention; 

0012 FIG. 2 is a plan view illustrating a semiconductor 
wafer having a plurality of integrated circuit dies formed 
thereon being Scribed or cut by a plurality of cutting blades 
according to one embodiment of the present invention; 
0013 FIG. 3 is an elevation view illustrating a plurality 
of flip chips coupled to a Substrate according to one embodi 
ment of the present invention; 

0014 FIG. 4 is an elevation view illustrating the plurality 
of flip chips of FIG. 3 being underfilled according to one 
embodiment of the present invention; 
0.015 FIG. 5 is an elevation view illustrating the plurality 
of flip chips of FIG. 3 being encapsulated in a molding 
according to one embodiment of the present invention; 

0016 FIG. 6 is an elevation view illustrating a plurality 
of solder balls being coupled to the substrate of FIG. 3 
according to one embodiment of the present invention; 

0017 FIG. 7 is an elevation view illustrating a plurality 
of ball grid array packages being Singulated by a plurality of 
cutting blades according to one embodiment of the present 
invention; and 

0018 FIG. 8 is an elevation view illustrating the plurality 
of ball grid array packages of FIG. 7 being transferred to a 
Shipping tray according to one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS OF THE INVENTION 

0019. Example embodiments of the present invention and 
their advantages are best understood by referring now to 
FIGS. 1-8 of the drawings, in which like numerals refer to 
like parts. 
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0020 FIG. 1 is a half-sectional perspective view of one 
embodiment of a ball grid array (“BGA") package 100 
manufactured according to the teachings of the present 
invention. Integrated circuit manufacturerS fabricate BGA 
packages in different ways. One way of manufacturing a 
BGA package is to use a “flipped-chip” technique. A 
“flipped-chip” technique is where an integrated circuit die 
has Solder bumps attached to one side thereof and the die is 
“flipped' over and attached to a printed circuit board or other 
substrate having solder pads. The die with the solder bumps 
is Sometimes referred to as a flip chip. The flip chip and the 
Substrate are then Subjected to heat So the Solder bumps can 
form a strong bond with the Solder pads on the Substrate. 
After an underfill is applied to fill the voids between the flip 
chip and the Substrate, an enclosure lid is placed over the flip 
chip and attached to the Substrate to protect the flip chip 
during operation. Solder balls are then attached to the 
underSide of the Substrate and reflow technology is used to 
ensure strong bonds between the solder balls and the Sub 
strate thereby completing the manufacture of the BGA 
package. 

0021. Because of the use of enclosure lids and because 
previous BGA packages are handled individually, consider 
able time and money is wasted. The present invention 
addresses these problems, and others, by providing BGA 
package 100 that includes a molding 102 encapsulating an 
integrated circuit die 104 that is coupled to a substrate 106 
as shown in FIG. 1. BGA package 100 also includes solder 
balls 108 coupled to an underside of Substrate 106. One 
method of manufacturing BGA package 100 is described 
below in detail in conjunction with FIGS. 2-8. 

0022 FIG. 2 is a plan view illustrating a semiconductor 
wafer 200 being separated into a plurality of integrated 
circuit dies 104 by a plurality of cutting blades 202. In one 
embodiment, semiconductor wafer 200 is a 300 millimeter 
diameter wafer made of Silicon; however, Semiconductor 
wafer 200 may have other diameters and may be formed 
from other Suitable types of Semiconductor material, Such as 
germanium. Semiconductor wafer 200 may also be formed 
with any suitable thickness. The function of semiconductor 
wafer 200 is to serve as a medium for the fabrication of 
integrated circuit dies 104. Integrated circuit dies 104 may 
have any combination of doped or undoped layerS or 
regions, dielectric layerS or regions, and metallization pat 
terns that form an integrated circuit. 

0023 Cutting blades 202 are operable to scribe, saw, or 
cut Semiconductor wafer 200 to facilitate Separating indi 
vidual circuit dies 104. There may be one or any number of 
cutting blades 202, and cutting blades 202 may be controlled 
through any Suitable manual or automated process. An 
individual cutting blade 202, in one embodiment, is a rotary 
blade formed from diamond particles Suspended in a resin or 
nickel matrix; however, cutting blade 202 may be any type 
of cutting blade Suitable for Separating Semiconductor wafer 
200. 

0024. In one embodiment of the present invention, cut 
ting blades 202 Scribe lines perpendicular to each other in 
semiconductor wafer 200 to define a plurality of integrated 
circuit dies 104. Scribing means that all of the integrated 
circuit dies 104 on semiconductor wafer 200 are still con 
nected to each other. Scribing includes dragging a diamond 
tipped Scribe through the center of Scribe lines on Semicon 
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ductor wafer 200. The scribe creates a shallow Scratch in the 
Surface of semiconductor wafer 200. In another embodi 
ment, cutting blades 202 penetrate all the way through the 
thickness of semiconductor wafer 200, thereby separating all 
of integrated circuit dies 104 that are fabricated on semi 
conductor wafer 200. 

0025. After integrated circuit dies 104 are defined on 
semiconductor wafer 200, integrated circuit dies 104 are 
transferred to substrate 106. The transfer may be done 
manually or automatically using any Suitable pick-and-place 
machine well known in the art of Semiconductor processing. 
In a manual method, an operator picks up each of integrated 
circuit dies 104 with, for example, a vacuum wand and 
places it in its desired location. In an automated method, a 
robot using machine vision technology and having the 
ability to be programmed to perform certain functions 
directs a vacuum wand to pick up integrated circuit dies 104 
and transfer them to their desired location. After transferring 
integrated circuit dies 104 to substrate 106, integrated circuit 
dies 104 are coupled to substrate 106 as described below in 
conjunction with FIG. 3. 

0026 FIG. 3 is an elevation view illustrating a plurality 
of integrated circuit dies 104 coupled to substrate 106 
according to one embodiment of the present invention. In 
one embodiment, integrated circuit dies 104 are coupled to 
substrate 106 using flipped-chip technology. In this embodi 
ment, integrated circuit dies 104 have a plurality of solder 
bumps 300 coupled to one side of integrated circuit dies 104. 
Solder bumps 300 are formed on integrated circuit die 104 
so that solder bumps 300 match up with a plurality of solder 
pads (not explicitly shown in FIG. 3) on Substrate 106 for 
attachment. Standard reflow technology, which is well 
known in the art of Semiconductor manufacturing, is then 
used to melt solder bumps 300 so that strong bonds are 
formed with the solder pads on substrate 106. Integrated 
circuit dies 104 may be attached to substrate 106 using other 
Suitable methods. 

0027 Substrate 106, in one embodiment, is a glass-fiber 
reinforced epoxy resin Such as FR4; however, Substrate 106 
may be formed from other suitable materials. In addition, 
substrate 106 may be thinner substrates, such as polyimide 
or a ceramic film Substrate for high temperature applications, 
or thicker Substrates, Such as a multilayer (i.e., a laminate) 
substrate. In one embodiment, Substrate 106 is rectangularly 
shaped with dimensions approximately 10 inches wide by 12 
inches long; however, Substrate 106 can have any suitable 
shape and can by any Suitable size. Although not shown in 
any of the figures for clarity purposes, Substrate 106 has one 
or more conductive paths formed therein to electrically 
connect integrated circuit dies 104 to a plurality of Solder 
balls 600 (FIG. 6) coupled to substrate 106. After coupling 
integrated circuit dies 104 to substrate 106, voids exist 
between integrated circuit die 104 and substrate 106 because 
of the use of solder bumps 300. These voids typically have 
to be filled using an underfill technique as described below 
in conjunction with FIG. 4. 

0028 FIG. 4 is an elevation view illustrating integrated 
circuit dies 104 underfilled with an underfill material 400 
according to one embodiment of the present invention. In 
one embodiment, underfill material 400 is an epoxy; how 
ever, underfill material 400 may be other types of materials 
suitable for filling in the voids that exist between integrated 
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circuit die 104 and Substrate 106. Underfill material 400 is 
used to enhance the bond of integrated circuit die 104 to 
substrate 106 and to provide better reliability by reducing 
the stresses from the joining of solder bumps 300 to the 
solder pads on Substrate 106. Better reliability of BGA 
package 100 is also obtained because underfill material 400 
increases the thermal cycle lifetime of BGA package 100. 
After underfill material 400 is applied, integrated circuit dies 
104 are ready to be encapsulated by molding 102 as 
described below in conjunction with FIG. 5. 

0029 FIG. 5 is an elevation view illustrating integrated 
circuit dies 104 encapsulated by molding 102 in accordance 
with one embodiment of the present invention. Molding 102, 
in one embodiment, is an epoxy material; however, molding 
102 may be other types of thermosetting plastics, thermo 
plastics, or other types of materials Suitable for encapsulat 
ing integrated circuit dies 104 and protecting integrated 
circuit die 104 from contaminants and harsh environments. 
In one embodiment, molding 102 encapsulates Substantially 
all of integrated circuit dies 104 utilizing a transfer molding 
process. A transfer molding process is able to achieve high 
dimensional control and its Suitable for complex parts. It 
should be understood, however, that other types of processes 
may be used to apply molding 102 to substrate 106 for the 
purpose of encapsulating integrated circuit dies 104. 

0.030. One technical advantage of the present invention is 
that molding 102 is used to encase integrated circuit dies 104 
instead of enclosure lids that were used in previous methods. 
The use of these enclosure lids wasted considerable time and 
money. In addition, these enclosure lids were attached one at 
a time to a Substrate to enclose integrated circuit dies. 
Molding 102 saves considerable time and money in manu 
facturing BGA package 100 in that multiple integrated 
circuit dies 104 can be overmolded at once. Molding 102, 
depending on the type of material used, may also have the 
ability to underfill the voids between integrated circuit dies 
104 and Substrate 106 in lieu of underfill material 400 as 
described above in conjunction with FIG. 4. This further 
reduces the amount of time for manufacturing BGA package 
100 and, hence, further reduces manufacturing costs. After 
integrated circuit dies 104 are encapsulated with molding 
102, Solder balls 600 are attached to a second side 602 of 
Substrate 106 as described below in FIG. 6. 

0.031 FIG. 6 is an elevation view illustrating solder balls 
600 coupled to a second side 602 of Substrate 106 according 
to one embodiment of the present invention. In one embodi 
ment, Solder balls 600 are 0.5 millimeter diameter metal 
Solder balls made of a combination of tin and lead; however, 
solder balls 600 may be formed with other suitable diam 
eters and may be formed from other suitable types of 
materials. In one embodiment, solder balls 600 are spaced at 
a pitch of 0.8 millimeters; however, other suitable types of 
pitches may be used. Reflow technology may be employed 
after coupling solder balls 600 to substrate 106 to ensure 
strong bonds between solder balls 600 and substrate 106. As 
described above in conjunction with FIG. 3, Substrate 106 
has one or more conductive paths formed therein to electri 
cally connect integrated circuit dies 104 to solder balls 600. 
These conductive paths and/or other conductive regions are 
not shown in FIG. 6 for clarity purposes. To complete 
manufacturing of BGA packages 100, BGA packages 100 
have to be singulated as shown in FIG. 7. 
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0032 FIG. 7 is an elevation view illustrating the singu 
lation of BGA packages 100 by a plurality of cutting blades 
700 according to one embodiment of the present invention. 
A Singulation proceSS is used where BGA packages 100 are 
mass produced on a single Substrate, Such as the ganged-type 
production of BGA packages 100 on Substrate 106 as shown 
in FIGS. 2-7. A singulation process is typically performed 
with cutting blades 700 that have rotary blades formed from 
diamond particles Suspended in a resin or nickel matrix. 
However, cutting blades 700 may be other types of cutting 
machines, Such as die punches, Saws, thermal-Sonic knives, 
water jets, or lasers. There may be one or any number of 
cutting blades 700. Cutting blades 700 may or may not be 
the same as cutting blades 202 as described above in 
conjunction with FIG. 2. 
0033. In one embodiment, cutting blades 700 are used to 
singulate BGA packages 100 in two steps. The first step is 
to use a plurality of cutting blades 700 to scribe or cut 
molding 102 and substrate 106 in one direction. This results 
in a number of rows of BGA packages 100. In the example 
shown in FIG. 7, this means that there needs to be a total of 
seven cutting blades 700 to obtain eight rows. After scribing 
or cutting molding 102 and substrate 106 in one direction, 
substrate 106, which may be placed on a rotatable worktable 
702, is then rotated at Substantially 90 degrees to its original 
location. Then cutting blade 700 scribes or cuts the rows of 
BGA packages 100 to obtain individual BGA packages 100. 
The process described results in a technical advantage of one 
embodiment of the present invention in that using a plurality 
of cutting blades 700 speeds up the Singulation process, 
thereby improving the sprint parts per hour of the BGA 
package 100 manufacturing process. After BGA packages 
100 are completed, BGA packages may be prepared for 
shipment by transferring them to a shipping tray 800 as 
shown and described in conjunction with FIG. 8. 
0034 FIG. 8 is an elevation view illustrating BGA pack 
ages 100 being transferred to shipping tray 800 according to 
one embodiment of the present invention. In one embodi 
ment, shipping tray 800 is a standard Joint Electronic Device 
Engineering Council (“JEDEC) tray, however, shipping 
tray 800 may be any type of shipping tray suitable for 
shipping BGA packages 100. As shown in FIG. 8, BGA 
packages 100 may be transferred to shipping tray 800 using 
one or more vacuum wands 802, which are well known in 
the art of integrated circuit package manufacturing. The 
transfer of BGA packages 100 may be accomplished either 
manually or automatically. 

0035 Although embodiments of the invention and their 
advantages are described in detail, a perSon Skilled in the art 
could make various alternations, additions, and omissions 
without departing from the Spirit and Scope of the present 
invention as defined by the appended claims. 

What is claimed is: 

1. A method for manufacturing a ball grid array package, 
comprising: 

providing a flip chip; 

coupling the flip chip to a first Side of a Substrate; 
encapsulating the flip chip with a molding, 
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attaching a plurality of Solder balls to a Second Side of the 
Substrate; 

and 

cutting the Substrate to produce the ball grid array pack 
age. 

2. The method of claim 1, further comprising transferring 
the ball grid array package to a shipping tray. 

3. The method of claim 1, wherein providing the flip chip 
comprises forming an integrated circuit die on a wafer, 
Scribing the wafer to define edges of the flip chip, and 
coupling a plurality of Solder bumps to the integrated circuit 
die. 

4. The method of claim 1, wherein coupling the flip chip 
to the first Side of the Substrate comprises Soldering a 
plurality of Solder bumps coupled to the flip chip to a 
plurality of solder pads on the first side of the substrate. 

5. The method of claim 1, wherein encapsulating the flip 
chip with the molding comprises encapsulating the flip chip 
by utilizing a transfer molding process. 

6. The method of claim 1, wherein encapsulating the flip 
chip with the molding comprises encapsulating the flip chip 
with an epoxy. 

7. The method of claim 1, wherein cutting the substrate 
comprises: 

cutting the Substrate in a first direction; and 
after cutting the Substrate in the first direction, cutting the 

Substrate in a Second direction Substantially perpen 
dicular to the first direction. 

8. A method for manufacturing a plurality of ball grid 
array packages, comprising: 

providing a plurality of flip chips, 
coupling the flip chips to a first Side of a Substrate; 
encapsulating the flip chips with a molding, 
attaching a plurality of Solder balls to a Second Side of the 

Substrate; 
and 

cutting the Substrate to produce the ball grid array pack 
ageS. 

9. The method of claim 8, wherein providing the plurality 
of flip chips comprises forming a plurality of integrated 
circuit dies on a wafer, Scribing the wafer to define edges of 
the integrated circuit dies, and coupling a plurality of Solder 
bumps to the integrated circuit dies. 

10. The method of claim 8, coupling the flip chip to the 
first Side of the Substrate comprises Soldering a plurality of 
Solder bumps coupled to the flip chip to a plurality of Solder 
pads on the first side of the substrate. 
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11. The method of claim 8, wherein encapsulating the flip 
chips with the molding comprises encapsulating Substan 
tially all of the flip chips by utilizing a transfer molding 
proceSS. 

12. The method of claim 8, wherein encapsulating the 
flipS chips with the molding comprises encapsulating the flip 
chips with an epoxy. 

13. The method of claim 8, wherein cutting the substrate 
to produce the ball grid array packages comprises: 

cutting the Substrate in a first direction with a plurality of 
cutting blades, 

rotating the Substrate Substantially 90 degrees with respect 
to the cutting blades, and 

cutting the Substrate in a Second direction Substantially 90 
degrees to the first direction. 

14. A System for manufacturing a plurality of ball grid 
array packages, comprising: 

a Substrate having a first Side and a Second Side; 
a plurality of flip chips coupled to the first side of the 

Substrate; 
a molding encapsulating the flip chips, 

a plurality of solder balls coupled to the second side of the 
Substrate; 

and 

a cutting machine operable to Singulate the ball grid array 
packages by cutting the Substrate. 

15. The System of claim 14, further comprising a shipping 
tray operable to accept the ball grid array packages for 
Shipping. 

16. The system of claim 14, wherein the plurality of flip 
chips comprises a plurality of integrated circuit dies formed 
on a wafer, and a plurality of Solder bumps coupled to the 
integrated circuit dies. 

17. The system of claim 14, wherein the plurality of flip 
chips are coupled to the first side of the substrate by 
Soldering a plurality of Solder bumps on the flip chips to a 
plurality of solder pads on the first side of the substrate. 

18. The system of claim 14, wherein the molding is an 
epOXy. 

19. The system of claim 14, wherein the cutting machine 
comprises a plurality of cutting blades. 

20. The system of claim 14, further comprising a work 
table operable to rotate the substrate at least Substantially 90 
degrees. 


